Abstract -This work aimed to evaluate the performance of six genotypes of sunflower under two spatial distributions between plant rows, and verify the cause effect relation between growth features. The experiment was carried at experimental area of Federal Technological University of Paraná (Campus Dois Vizinhos), evaluating six sunflower cultivars and two spatial distributions (40 and 80 cm between rows), remaining the total plant population similar, 55.000 plants by hectare. It was performed a path analysis, identifying the features that have most influence on sunflower grain yield and one hundred grain weight, also multiple regression analysis was used to estimate the equation for grain yield and one hundred grain weight. It was verified that sunflower genotypes do not present different performances under the evaluated spatial distributions, however, the genotypes showed to be significantly different for most of the features evaluated. Direct effect under grain yield was observed for the features number of plants and stem diameter at 15 days, while the indirect effects were observed for plant stature via stem diameter, both at 15 days. For the feature one hundred grain weight it was verified that only plant stature at 90 days promoted a direct effect, but negative.
T. N. Martin et al. the interest features from a correlation matrix. It is defined by Cruz and Regazzi (1997) as a standardized regression from the expansion of multiple regressions, when complex inter-relationships are involved. Bezerra Neto et al. (2010) , using multivariate methods (UPGMA, Tocher and Canonical Variables) to study genetic diversity in genotypes of Ricinus communis L., verified that the methods show similar results. Therefore, multivariate techniques are used as tools to assist the researcher in plant breeding programs.
Therefore, this work aimed to evaluate the performance of six sunflower genotypes under different spatial distribution between plant rows, and verify the cause effect relation between the growth features.
Material and methods
The experiment was carried at experimental area of Federal Technological University of Paraná (Campus Dois Vizinhos), located in Dois Vizinhos, PR. The region is physiographically known as Third Plateau of Paraná, presenting an altitude of 520 m, latitude of 25°44" S and longitude of 53°04" W. The climate is subtropical humid mesothermic, according to Köppen classification system (MAACK, 1968) . The soil is an Oxisol by Soil Taxonomy (1999) and a Nitossolo Vermelho Distroférrico úmbrico, clayey texture, by Bhering and Santos (2008) .
Sunflower sowing was run in November 08, 2007, putting two seeds each seed hole, by hand. After ten days of germination it was realized the thinning, remaining 55.000 plants by hectare. Plant weeds were controlled before sowing, with herbicide glyphosate (5 L ha -1 ) and after germination was run two hand weeding (6 and 14 leafs). Pests, like 'vaquinha' (Diabrotica speciosa), 'lagarta preta' (Chlosyne lacinia saundersii) and 'percevejos' (Nezara viridula, Piezodorus guildinii and Euschistus heros) were controlled by Tiametoxam+Lambda cialotrina (Engeo Pleno), in the dose of 300 mL of i.a. ha -1 , and also by Azoxistrobina + Ciproconazol (Priori Xtra), in the dose of 500 mL of i.a. ha -1 , applied by the moment of bud formation and flowering. The precipitation was normal in the growth season, running ideal condition for sunflower production.
Introduction
Sunflower is a species extremely adaptable to variable environmental conditions (GOMES et al., 2006; MELLO et al., 2006) and diversified crop managements, like irrigation (UNGARO et al., 2000) and fertilization, among other factors. According to Bonacin et al. (2009) , this crop demands a good fertilization, being very sensitive to boron deficiency. Currently, sunflower is used for oil extractions for biofuels production, as byproduct of foods (BONACIN et al., 2009 ) and as bird's food (SAAD et al., 2007) . In Brazil, the crop demand had been supplied by the domestic market (VIEIRA, 2005) . Moreover, the crop presents great results as crop rotation and succession, considering the conversion and energy balance in the soil-plant system (SANTOS et al., 2001) .
Some studies were carried with sunflower trying to determine the plants growth as function of achene's vigor and sowing plant density, which were of 45.000 and 70.000 plants by hectare, both with row spacing of 0.70 m (BRAZ; ROSSETTO, 2009 ). The Results showed better development with lower plant density, but was not evaluated row spacing, what would change the results. The knowledge of spatial plant distribution is primordial to maximize plant potential to extract environmental resources, besides the possibility to change crop managements avoiding weed infestation. For corn, studies of spatial plant distribution promoting increases in grain yield are frequently highlighted (SANGOI et al., 2002; TOLLENAAR; LEE, 2002) , however studies with sunflower are very incipient.
One possible way to expand sunflower production by farmers is avoiding higher investments during crop implantation. So, it is convenient that the machinery already utilized on the farm could be adaptable for this crop. One of the most expensive equipment is the seed sower, which is normally used for corn and soybean in the region and in most Brazilian cultivated areas. The seed sower can be adaptable for sunflower, once the ideal row spacing varies from 0.40 m (commonly used for soybean) to 0.90 m (commonly used for corn). However, a few studies have related spatial distribution of sunflower to grain yield and to the features involved in plant development.
Programs of genetic improvement of sunflower aimed to develop genotypes that present higher oil levels, precocious cycle, low stature, and resistance to biotic and abiotic factors, besides high grain yield (OLIVEIRA et al., 2005) . Therefore, it is necessary to evaluate the features of different cultivars that are correlated each other, giving directions on the process of genetic improvement of this crop, especially when indirect features are chosen for selection. According to Cruz and Regazzi (1997) , the path analysis can indicate the cause effect of each association feature. This analysis, introduced by Wright (1921) , allows studying the direct and indirect effects between (DH, cm) and the number of green leaves (NFV), using a mean of three plants per plot. The evaluations were run in six growth stages: 15 (1), 30 (2), 45 (3), 60 (4), 75 (5) and 90 (6) days after germination (DAG), as follow: EST1, NFV1, DH1, EST2, NFV2, DH2, EST3, NFV3, DH3, EST4, NFV4, DH4, EST5, NFV5, DH5, EST6, NFV6 and DH6, respectively. Also, was determined one hundred grain weight (MCG, g) and grain yield (PG, kg ha -1 ) at maturity, correcting to 13% moisture.
At the beginning, it was estimated the correlation matrix between all features evaluated. After, was made the diagnosis of multicollinearity, identified from the condition number (NC), given by the quotient between the highest eigenvalue, which needs to be lower than 100. By the singular matrix X'X was established the level of multicollinearity, given by the product of the respective element of diagonal matrix X'X with the variance residual component. In case of collinearity detection, it was extracted problematic features, on the way that those features do not interfere in the coefficient estimation of the following analysis. After, were run the path analysis (CRUZ; REGAZZI, 1997) and the estimation of a multiple regression equation by the Stepwise method, following the methodology proposed by Draper and Smith (1966) and Elian (1988) , with the remaining features over the grain yield and the one hundred grain weight, separately.
Variance analysis and mean multiple comparison test by Duncan at 5% of error probability were determined by the software SOC/NTIA (EMBRAPA, 1997), whereas the multicollinearity diagnosis, path analysis and multiple linear regression were determined by the software Genes (CRUZ, 2006) .
Results and discussion
According to the data obtained in the experiment (TAB. 1), it was not detected significant interaction between genotypes x plant spacing in none of the features evaluated. Thereby, the study was focused on the main treatment effects. The lack of interaction between genotype x row spacing was also obtained by other authors as Modolo et al. (2010) and Kvitschal et al. (2010) , working with corn plants. Thus, the genotypes had similar classifications regardless of row spacing, but averages can be altered in each row spacing.
About the genotypes, it was observed that they were significantly different for the features number of plants by hectare (NPL), head diameter (DCAP), grain yield (PG), one hundred grain weight (MCG), plant stature (EST1, EST2, EST3, EST5 and EST6), number of green leaves (NFV1, NFV2, NFV3, NFV4, NFV5 and NFV6) and stem During the crop cycle the plant spacing can have a great influence in weed control, which could promote damages in the development of sunflower plants. As lower is the row and plant spacing, lower will be the available space to weed development, what promotes also a better plant distribution over the cultivated area. The competition with weeds can promote daily losses of 1.1 and 2.5 kg ha -1 in sunflower crop (oil and grain yield, respectively) when the critical period of interference was from 21 to 30 DAG (BRIGHENTI et al., 2004) . Other data research has showed that grain yield losses can be from 20 to 70% when weed plants are competing with sunflower in the field (VIDAL; MEROTTO JÚNIOR, 2001).
When is talking about the number of plants by hectare (NPL), it was determined that the genotype Paraíso 24 presented much lower plants by area, differing from the other genotypes, which were not different each other and were almost the desired number (55,000 pl ha -1
). The genotype with higher grain yield (PG) was Morgan (2,670 kg ha -1 ) (TAB. 2). Grain yield obtained in the present experiment were higher than the obtained by Castro (1999) , whose values reached 2,100 kg ha -1 , and Amorim et al. (2008) , whose greatest grain yield was 1,642 kg ha -1 . Also, Porto et al. (2008) obtained values from 1,401 to 2,381 kg ha -1 in four years of sunflower evaluation in many places, including six Brazilian States studied (Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, São Paulo and Distrito Federal). The feature one hundred grain weight (MCG) was higher in Morgan and Paraíso 24 genotypes, being the worst in Paraíso 20. Comparisons between other features are described in Table 2 .
Some morphologic and production relations were established between features evaluated (TAB. 3). Increasing the number of plants by area is possible to obtain higher grain yield (r NPL , PG = 0.591), however with lower one hundred grain weight (r NPL , MCG = -0.472), as function of smaller head diameter (r NPL , DCAP = -0.239) and big amount of energy spent with plant development in beginning of the crop cycle. In other words, the number of plants by area is positively associated with plant initial development features (EST, NFV and DCAP). Amorim et al. (2008) obtained positive values of correlation between grain yield and head diameter (r = 0.63) and between grain yield and one thousand grain weight (r = 0.55), that data contrasts with the results presented in this study.
Before the estimation of direct and indirect effects of the growth features on grain yield and one hundred grain weight was run a multicollinearity analysis. It was verified that all explicative features under the grain yield and one hundred grain weight generated a condition number (NC) of 230.10 and 145.74, respectively (multicollinearity of moderate intensity). After the inspection of data set, was verified that the features responsible for the multicollinearity were EST1, NFV1, DH1, EST3, NFV3 and DH3, those features were eliminated, obtaining, after that, a NC of 64.42 and 42.03 for PG and MCG, respectively. In this way, is not expected any erroneous estimation of the path analysis coefficients or of the multiple linear regression.
About the determination coefficients (R 2 ) generated in path analysis, it was identified similar values for grain yield and one hundred grain weight, 0.777 and 0.745 Table 3 respectively, what indicates that those features cam be described by the features evaluates, whereas the residual variable was 0.472 and 0.505, respectively.
The most associated features with sunflower grain yield are the number of plants by hectare and stem diameter at 30 days, with high and positive direct effect, as well as the correlation coefficient (0.719 and 0.519 -NPL; 0.717 and 0.690 -DH2, respectively) (TAB. 4). The correlation between head diameter and grain yield indicates a true relation between them, once presents the magnitude and signal similar to their direct effect and can be considered moderate (r = 0.282), being small the effect of head diameter on grain yield. A different behavior can be observed with the features EST2 and NFV2 (0.599 and 0.428, respectively), where their high and positive correlation coefficients are not as function of direct but of indirect effects, via NPL and DH2, what implicates in strategic selection mistakes to chose tall plants and with many leaves, when is trying to increase crop grain yield. Other features evaluated did not present expressive effects on grain yield. So, the features with direct and relevant effects on sunflower grain yield are number of plants by area and stem diameter at 30 days. About the indirect effects, is possible to verify that plant stature at 30 days occasioned an indirect effect on grain yield, via stem diameter at 30 days.
The one hundred grain weight suffered a direct and negative effect of plant stature at 75 and 90 days, in other words, as higher is the plant stature lower will be the one hundred grain weight (TAB. 4). About indirect effects, none of the features presented higher than the residual value, which was a medium value (0.505), on this way, is impossible to infer about indirect effects on one hundred grain weight. Studies made by Amorim et al. (2008) showed that the features head diameter, percentage of normal grain and one thousand grain weight had direct and positive effects on grain yield, being possible to use that features in indirect genotype selection, what complement the data presented here.
Multiple linear regression equations of sunflower grain yield and one hundred grain weight are presented on 
Conclusions
1. It was verified that sunflower genotypes does not present a differentiated behavior for the evaluated features in relation to spatial distribution. About genotypes, it was observed significant differences on grain yield (and in most of the evaluated features) between cultivars, highlighting the cultivar Morgan;
2. The direct effects on grain yield are observed for the features number of plants by area and stem diameter at 30 days, whereas the indirect effects are observed for plant stature via stem diameter, both at 30 days. One hundred grain weight was affected just by plant stature at the end of crop cycle, being negative that effect.
